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ON A TRIANGULAR WING OF ASFECT RATIO 2 AT
SUBSONIC AND SUPERSONIC SPEEDS

By Iouis H. Ball
SUMMARY

Presented herein are the results of an experimental. investigation
of external airfoils, known as paddle-control surfaces, as the longitu-
dinal control device or a triangular wing of aspect ratio 2. The 1ift,
drag, pltching moment, and hinge moment were obtained for Mach numbers
of 0.60, 0.80, 0.90, 1 20, l 30, 1.50, 1.70, and 1.90 at a constant
Reynolds number of 3.0 X 10® s Tor angles of attack from about -40 o 18°
and for paddle-control deflections from approximately 40 to -16°.

Exemination of the control-surface characteristics of the paddle
control snd comparison of the control-surface parameters with & con-
ventional trailing-edge unbalanced flesp having the same area
revegled the followlng resulis:

No unusual variations were noted in the pitching-moment or hinge-
moment characteristics throughout the speed range tested. The pitching-
moment effectiveness of the paddle control at subsonic speeds was con-
siderably less than that of the unbalanced flap. At supersonic speeds,
the piltching-moment effectiveness of the paddle control was less than
that of the unbalanced flsp at Mach numbers below 1,50; whereas, above
& Mach number of 1.50, the effectiveness of the two types of controls
corresponded closely. The resultis showed that material reductioms in
the hinge-moment parameters, Chg and Cha: were reallzed with the paddle
control. There was little effect of Mach number on these hinge-moment
parameters.

The use of the paddle control resulted in increases in the minimum
drag coefficient throughout the speed range investigated.
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INTRODUCTION

As part ofa continuing experimental program to find methods to
reduce the control moments of trailing-edge controls on high-speed air-
craft, an external alrfoil control surface was tested in the Ames 6-
by 6-foot supersoniec wind tunnel. Previous tests (ref. 1) have shown
that the use of an external airfoill, called a paddle, as a balancing
device in combination with a trailing-edge flap provided substantial
reductions in the hinge moments due to control deflectigns at supersonic
speeds. A study of these data indicated that such a paddle could be
used as the primary longitudinal-control device and, by virtue of the
interaction between the control and the wing, could be designed to have
small hinge moments at both subsonic end supersonic speeds.

The present investigation was undertaken, therefore, to provide
information on the control characteristlics of the paddle control.

SYMBOLS
b wing span, ft
c local wing chord messured parallel to plane of symmetry, ft
b/2cady
c wing mean aerodynsmic chord, = £t
g 1 yn ’ }5752—;;:
dr o
Cp drag coefficient, —Egg
Cpg minimum drag coéfflecient
Cyp hinge-moment coefficient, hinge moment
2aMp
crL, 1ift coefficient, it '
as
Cn pitching-moment coefficient about the 35-percent point of the
wing mean aerodynsmic chord, Pitching moment

aSc
Cng control pitchggg-moment-effectiveness parameter for constant angle
of attack, —B, measured at & = 0°, per deg

CL6 coptrol lift-effectiveness parameter for constant angle of attack,
%%%, measured at & = 0°, per deg

TSN
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Chg

Chg,

o

n

rate of change of hinge-moment coefficlent with change in con-

trol deflection for constant angle of attack, h, measured at
8 = 09, per deg

rate of change of hinge-moment coefficient with change in angle

of attack for comnstant angle of control deflection, h,
measured at o = 0°, per deg o

length of body including portion removed to accommodate sting, £t
Mach number

first moment of area of exposed flep area aft of hinge line of
the unbalanced flap, £t3 (see ref. 1)

free-stream dynamic pressure, Egi, ib/sq ft

Reynolds number, based on mean aerodynamic chord

maximum body radius, £t

wing area, including area within body, sq ft

velocity of free stream, ft/sec

longitudinal distance from nose of body, £t

distance perpendicular to vertical plane of symmetry, ft

engle of attack of wing chord line, deg

angle between wing chord and control chord measured in a plane
perpendicular to the control hinge line, posltive for downward

deflection with respect to the wing, deg

mess density of ailr, slugs/cu ft
Subscript

nominal control angle

1In order that the hinge-moment coefficients of the paddle control and
the unbalenced flap could be compared, the hinge-moment coefficients
of the paddle control were computed using the moment of area of the
unbalanced flap of reference 1.
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APPARATUS AND MODEL

The Ames 6- by 6-foot supersonic wind tunnel in which thie investi-
gation was conducted is a closed-return, varlable-pressure wind tunnel
with a Mach number range from 0.60 to 0.90 and from 1.20 to 2.00. Fur-
ther Information on this wind tunnel can be found in reference 2.

The model consisted of a wing-fuselage combinstlion employing a wing
of triangular plan form of aepect ratio 2 symmetrically mounted on the
fuselage. The wing had NACA 0005-63 sairfoil sections in streamwise
planes. ' D

The paddle control conslated of ftwo sharp-edge rectangular surfaces
(fig. 1). One of thé paddles was positioned above and the other was
positioned below the trailing edge of the right wing by a palr of struts
which attached the paddles rigidly together and positioned each paddle
1.30 inches from the chord plane of the wing. The struts were pivoted
about en exis in the chord plane of the wing which corresponded to the
30-percent-chord line of the paddles as a means of obtaining various
deflection angles. When the control was undeflected, the trailing
edges of the two paddles were in the same plane as the wing trailing
edge., The gtreamwlse airfoil section of the paddles was a half circular
arc with the convexity on the side opposite to the wing. The maximum
thickness-chord ratio was approximately 5 percent at the 50-percent
chord, The area of the two paddles combined equalled approximately
14 percent of the area of the right wing panel including that portion
enclosed within the body.

The wing and paddle control were of sqlild steéi-conséruction. The
body had a fineness ratio of 12.5 based on the length including that
portion shown dotted in figure 1.

The forces and moments on the model were measured by an electrical
strain-gage balance. Paddle~control hinge moments were measured by an
electricel stralin gage mounted within the wing.

TEST AND FPROCEDURE

The aerodynamic characteristics of the model as a function of angle
of attack were investigated for a range of Mach numbers from 0.60 to
0.90 and from 1.20 to 1.90. The data presented were obtalned at a
Reynolds number of 3.0 x 10°® . Lift, drag, pitching-moment, and hinge-
moment measurements were made at constant paddle-control deflections for
angles of attack from about -4° to 18°. The paddle-control deflections
were varied from 4° to -16°. In some instances, the full range of

CRiinme—.
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angles of attack was not obtained because of structural limitations or
other difficulties.

Reduction of Data

The test data have been reduced to standard NACA coefficient form.
The pltching moments were calculated sbout an axis at 35 percent of
the mean aerodynsmic chord. A complete discussion of the methods used
in reducing the wind-tunnel data to coefficient form and the various
corrections applied to the results may be found in reference 1 and
only brief mention will be made here,

The data cobtained in the Ames 6- by 6-foot supersonic wind tunnel
have been corrected for the following factore:

1. Induced effects of the tunnel walls at subsonic speeds result-
ing from 1ift on the model.

2. The change in the airspeed in the viclnity of the model at sub-
sonic speeds resulting from the constriction of the flow by the tunnel
walls. .

3. The pressure at the base of the model at supersonic and sub-
sonic speeds belng affected by the support interference. To account
partially for this effect, the base pressure was measured and the drag
coefficient was adjusted to correspond to that in which the base pres-
sure would be equal to the free-stream static pressure.

4. The longitudinsl force on the model at subsonlc and supersonic
speeds due to the streamwise variation of the static pressure as messg-
ured in the empty test sectiom.

A survey of the 6- by 6-foot wind tunnel also indicated nonuni-
formities of the air stream in the pitch plane of the model equivalent
to a stream angle of as much as 0.10°. No correction to the data was
made for this effect.

Precision

The uncertainties involved in determining dynamic pressure and in
measuring forces with the strasin-gasge balance are described in refer-
ence 3. The following table lists the uncertainty introduced into each
corrected . coefficient by the known uncertainties In the measurements:
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Quantity Uncertainty
Lift coefficient +0.002 .
Drag coefficient £.001 S
Pitching-moment coefficient +,002
Hinge-moment coefficient .00k
Mach number: .01 -
Reynolds number .. #.,03 x 10%®
Angle of attack +.10°
Flap deflection angle £,25°

RESULTS AND DISCUSSICN

The resulte of the inveetigaiion of the ba&&ie-eentroi-are pre-
gented in tabular form for. the complete range of test variables in .
table I. The data presented in the table are for_the model equipped

with & paddle control on the right wing panel For the purpose of
enalysis, a representative portlion of the date is presented 1n graphical

form.

Figure 2 shows the variation of the pitching-moment and the hinge-
moment coefficiente with paddle-control deflection .for given angles of
attack and with angle of attack faor given paddle-control deflections.
Only the data for the. representative Mach numbers of Q.6Q, 0.90, 1.30,
and 1.90 are presented. The results shown in figure 2 are for deflec-
tions of the paddle control on the right wing panel, The data reveal
no unusual variations of the piiching-moment and the hinge-moment coef-
ficlients with either angle of attack or_ angle of deflection throughout
the speed range of these tests.

The pltching-moment-effectiveness parameter, Cma, the hinge-moment e
parameters, Chg and Chm’ and the minimum-drsg coefficient of the paddle
control ere presented ses functions of Mach number in figure 3. For pur-~
poses of comparison, the corresponding data for the unbalanced flap
configuration of reference 1 are also presented in figure 3. Although
data were obtained for. the paddle control on only the right wing panel,
the results, as presented in figure. 3, are for the deflection of a con-
trol on both wing panels. L S . -

The pitching~-moment effeqtiveness of the paddle control was less
than the unbsalanced flsp at all speeds: tested below a Mach number of
1.50; whereas, above the Mach number 1.50, the effectiveness of the
two types of controls corresponded closely. The marked loss in pitching- ,
moment effectiveness, Cmﬁ’ of the paddle control from that shown for the i
unbalanced flap at subsonic speeds may be’ advantageous in reducing the .
sensitivity of the longitudinsl control in this speed range. The reduced .

O
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effectiveness of the paddle control at subsonic speeds is belleved due
to the absence of the additional 1ift induced on the forward portion
of the wing by the hinged flap. The decresse in effectiveness exhibited
by the paddle control at supersonic speeds below a Mach number of 1.50
is brought sbout as a result of the shock-expansion interference
between the paddles and the wing. This principle has been discussed
previously in reference 1 and will be only briefly related. here. At
negative control deflections the lower surface of the upper paddle
propagates expansion waves which impinge on the wing surface. The
resulting increase in 11ft on the wing, belng of the opposite sign to
that carried by the paddle due to control deflection, effects a net
reduction in the 1ift effectiveness, Crg, of the paddle control and,
thereby, the pitching-moment effectiveness of the control. The paddle
mounted on the lower surface of the wing acts in an analogous msnner
by virtue of the compression wave emitted from its upper surface. At
Mach numbers above 1.50, the paddle control was so located thet the
shock waves emanating from the paddles do not strike the wing surface.
Therefore, at these Mach numbers, the piltching-moment effectiveness of
the two types of controls corresponded closely.

The preceding discussion must be acknowledged to be a simplificatlion
of the flow phenomena involved. However, it is believed to describe the
primary cause for the differences in pitching-moment effectiveness
between the paddle control and the unbalanced flap.

The primary asdvantage of the paddle control over the flep-type con~
trol is evident in the hinge-moment characteristics. An examinastion of
figure 3 shows that materisl reductlons are realized for both of the
hinge-moment parameters, C and Cy_, from that noted for the unbal-
anced flap throughout the speed range Investigated. Figure 3 also shows
that there 1s little effect of Mach number on the hinge-moment parameters
of the paddle control. The small values of Chq, noted for this control
can be attributed primarily to the influence of the wing surface which
causes the effective incidence of the paddles to be essentlally the
same throughout the angle-of-attack range of the tests. This influence
of the wing on the paddles 18 consistent with the results of reference 1
which showed that the additlion of a paddle balance to a conventionsal
trailing-edge unbaslanced flap had little effect on Ch, of the unbal-
anced control. Since this phenomenon 1s essentially independent of
speed, Cp, 1s unaffected by Mach number (see fig. 3). The reduction
noted in Ch8 was due in part to the serodynamic balence incorporated
in the paddle control. The small effect of Mach number on ChS is not

clearly understood. It would be expected that there would be an effect
of Mach number on the hinge moment due to flap deflection because of
the rearward shift in the center of pressure of the load on the control
surface with increasing Mach number. It 1s somewhat surprising that
this effect is not evident in the hinge-moment results.

S
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The hinge-moment advantages of the paddle control were obtained
with a penalty in the drag characteristice, as shown in figure 3. The
results show that the paddle control exhibited higher minimum drag
coefficients than the unbalanced flap throughout the speed range tested.
It 1s of interest to note that, though the drag increment is fairly
large, considerable lmprovement in the drag characteristics was realized
for the paddle control of the present investigation over the paddle
balance of reference 1 by reducing the paddle thickness.

CONCLUSIONS

Tests were made of a model equipped with & trailing-edge paddle- )
control device to determine its control characteristics at subsonic angd
supersonlc speeds. The results were compared with the control charsascter-
istics of the unbalanced, trailing-edge flap of reference 1. Examina-
tion of the results revealed the following significent features:

1. The pitching-moment and hinge-moment characteristics of the
paddle control showed no outstanding nonlinearities for the entire speed
renge studied.

2. The paddle control exhibited a smaller control effectiveness
at subsonlc speeds and at supersonic speeds below a Mach number of 1. 50.
Above the Mach number 1.50 the effectiveness of the two types of controls
corresponded closely.

3. The hinge-moment parameters, Ch6 and Chq’ of the paddle control

were considerably smaller than those of the unbalanced flap and were
little affected by Mach number. S .

k., The paddle control increased the minimum drag throughout the
speed range tested. _ e _ . . .

fmes Aeronsuticsal Laboratory
National Advisory Committee for Aercnautics
Moffett Field, Calif., Nov. 20, 1953
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TABIE I.-~ A.ERODYN_AMIC CHA._RACTER_ISTIC_S_OF A TRIANGUILAR WING EQUIPPED b
WITH A PADDLE CONTROL. DATA FOR ONE PADDLE CONTROL., R = 3.0x106
(&) Nominal & = +4°

" « cr Cp Ca n o1 u c <y, Cp Cy Cp s | x - cy, Cp Om Cn &
0.60 | -b.16 [ -0.176 | 0.0276 | 0.001 [-0.030 3.9 10.90| k.21 | 0.208 o.m -0.29 [ -0.0281 3.8 1.50| 2.0e| 0.089 [ 0.009% [-0.019 -C.0%0 | 3.8
2.05| -.082{ .0119) -.00% -.ggg 3.8 6.3k e ] 3.8 ho07] 177 .61 | -.03k | -.om
-1.06 | -.03T7 =008 | - 3.8 a.46 WA33 [ L0597 3.8 6.12 | . <Ok2h | -, -3 | 3.8
-.ﬁs -.@ah [ ,0100| -.009 | -. 3.8 10.59 | .m9| .10%7 3.8 8.181 .35 | L0621 | -.060 | -.030 (3.8
47| 08| .0100{ -.011 | - 3.8 10.23 | . .088% | . -8 {3.8
1.00 oza o =-012 | -.041 | 3.8 | 1.20] k.09 | -.200 | .co77 3.8 1229 .306 | .1199 | -.083 | -.ceh|3.8
2,061 . 0129 | -.005 | -.0kI (3.8 .03 -.27 0184 3.8 351 8| .o | -.o93 | -.ce3 (3.
k.16 £199 1 0202 | -.021 | -.0h3 | 3.8 -1.00 | -.OAT } .01&2 3.8
6.26 296 | .0332 | -.0RT [ -.0%3 [3.8 =471 -.023 | .oa57 3.8 11.70] ko7 | ~236 | .ca57 R0 | -.e3{3.8
8.26 Egz <0567 | ~.028 | -.087 | 3.8 R 25| .36 3.8 “.01| -.018| .78 <008 | -.021 | 3.4
10.h7] . <0860 1 -.003 | -.0k3 {3.8 . o2 | 016k 3.8 =83 | -.039 .cas8 1 .oo2 | -.ee3[3.
2.5 3891 .1260( -.c@2 [ -.038 ]3.8 2. <106 | 0193 3.8 ~h7)-.c00] 0% | -.001 | .00 3.
18,69 193 1737 | -.023 | -.036 [ 3.8 .08 | 200 .a2%0 .7 37 8] o | -.006 | -.oeh | 3.6
156.61 . =023 [ -a 3. 6. 43_115. -0h59 3:; 98| .039| 0157 [ -.000 | -.cek |38
17.87 633 | .2626 ~.022 | -.037 3.8 «20 . <0706 El 2.0l .ot .79 | -.006 =.CR% | 3.
0.7 | 7] .1037 1.8 b06] 259 L0250 | -.0e9 | -.cRE | 3.
0.80 | -».19 -:ége ~0ugh [ ook | -.02k [3.9 6.1 237 .0390 | -.0M0 | -.mT{ 3.
<.07] - o ~+00k | -.0ek (3.9 §1.30| k.09 [ -.185 [ .oe93 3.8 a. .313 @ -0 | -.008 | 3.
-1.07 [ -.037 [ .0110) -.008 | -.006{3.9 -2.03 -.gg <0206 3.8 0.2t ] .383] . -082 | ~.07 | 34
-.gs =015 | 010k [ -.009 | ~.0%1 |3.8 =1.00 { -, o 3.8 12,261 A53( .86 | -.om =007 { 3.
. 4035 | 0207 | -.003 ~.031 (3.8 =53 | -2 ] 0178 3.8 1431 02 k23 b -.08 [ -.c08] 3. ~
l.01( .0%9 [ .oL13|-.00k | -.033 (3.8 45T ek | Lty 3.8 16.37| .589 | .180& | -.086 | -.030 | 3.8
2.08| .109 | .0135 | -7 | -.039 |3.8 . JOMB | L018% 3.8
2.:9 211 | .R19 | -.0e5 -.? 3.8 f'ﬁ 097 | 0215 3.3 1.90 | -h,06 [ -.1%2 [ .oe87 | .ot -.gﬂ g.g
31| 7| L0319 ) w03 [ - 3.7 . 2193 | .0306] 3. —<.0e (~07 | .ou77 | .007{ - o
8.%: 413 g‘m -.030 —.ohi 3.3 g.ls 290 | ,0k61 3:g ’;ﬁ -.03 | 0160 -002 | -.018 ; .
10. +203 | JOOMT | -.02T | -.037 | 3. .19 « 0685 3 A7 -009 ] =001 [ -.009 | 3.
12.67( .66 | .1384 | -.037 | -.0: {3.8 1025 | k76 | .0983 3.8 A5 .gi 0% | -.006] -.019 3.9
k.80 726 | Ja9n0l..0h [ -.009 3.8 12.31 K A3 3.8 97| . «0160 | ~.008] -.019(13.9
16.93 [ .840 | .25k3 {-.0u8 | ~.030 [3.8 2.0 on| .| -.ak| -.09] 3.0
1.50| %08 | -.170 | .cem1 3.8 k03] | ek8 | .. -0
0.90 [ %22 -.298 | .ce26| .08 -.c06]3.8 -2.03{ -.083 [ .0088, 3.8 6.3 «209 | 036k [ w.03h| -.021) 3.8
2.08 | -.090 | .0ab1 | .02 [ -.22k [3.9 =99 [ -0kl | .016K] 3.8 a. 278 08| -.0hy| -.c22]3.8
-1.07] -.0%0 | 0222 |-.007 | ~.c06 (3.8 - -.020 { .05 3.8 W28 k2| o735 [ -0 | -.3) 3.8
-.ag =023 | o006 |-, -5 | 3.8 431 .01 | 153 3.8 23| W5 0987 | -.060] -.02k] 3.
. +037 | .07 |-.003 | ~.003 [3.8 981 Lotk [ .o163 3.8 18,271 086 ( 1286 | ~.086 | -.co%
.02 .06k | 0125 |- -.087 13.8 6.3 | g2t Lsu | -.o71| -.cef] 3.8
2.09 Q17 | L0188 | - -7 (3.8 17.35 [ 559 | 2008 | -.ot2| -.0%[3.8 _
(o]
(b) Nominal & = O
N . e s Pt Eanc < el g cuniN Sl =3 P
" « LA Cp Cx <h & X o CL Cp Cu Cn LN I - CL Cp Ca Cn &
0.60 | -h.16| -0.195 | 0.0184] 0.011 | -0.00%]| 0 .90 k.19{ 0.199[ o.0017[-0.017 | -0.003 1.30f X.07| 0.166 | 0006k ]| ~0.007| -0.002 | ©
2.07| -. -0117{ .006| -.006{ 0 N x -038e | -.aek ] -.009| -.1 6.12] .2sk| .okcz| -.cho -001| ¢
=88] -.033 .oo90 .oce[ -.008{0 8.h3l . 0632 ~eh| - 8.7 Ei: -0600| -.0%3] -.003| 0
430 .oa7( .0088| -.00L| -.008,0 10.56| .s10{ .0984| ~.031| -.002f @ 10.23) . Q0| -.066| -, 2
.98 .03 .oo%| -.002] -.010]0 e8| e8| 1m0 -. -.008/ ¢
208  LOTT[ .00T| -.003| -.an |0 .20 -h.09| -.213| .o083] .o38[ .009| .1 .36 579 .13m0| -.08T| .00} o
ki 72| .01 -.010] -.083( -.1 -2.03] -.110] .0183} .03 .c05| o
ézal .20l .0301) -.007| -.0¥6) -.1 -1.00[ -.o97 .01%8| .00 06| o Fi.%0f -ho7| -.288 ([ .opsk s .ookfo
B.3k1 .388] .08 -.019] -.caef -1 -5 -.033] .on{ .o06! .03 o <.R|-.085| .073( .013] .o03/0
lo.kb | k591 .o795) -.015| -.009)q A5) L013 - 01| o =990 -0k .o 00Tl .ocefo
12.55| .57 % - -.a07| o -98[ .o80f .a157( -.007| -.000| @ =7} w006 ] .o ©0hl  L001f O
1h.66 6631 . ~018 | -.006( 0 2. -092 -.013| -.001] O p oarf .ml =008 00| 0
16.77 T0f .2198] -.008| -.006|0 .08 A96]  .ceTe| ~.033 -.ggz 3 «97| 031} .02b9| «.00% o006 | o
17.83 -81g| .24k -.018| -.008{ 0 6.1% zg? O43T[ -.05L{ - [+] 2.01y .o .mee| -.onf o [}
8.20 - -0679 | -.066 03| o hor]| .1%| .2k3| -.e3 -.00m]0
0.80 | A9l -.205] Loearf .25 .con{e - 0271 .513| .100}{ -.08k[ .005] o 6.12| .o08 -.ggz -.002| o
—=.09| -.109| .oiel{ .o007| -.003]{ 0 8.17| .306 N []
-1.02 -.052 -0097T! .00% | -.00k] O 1.30| -h.09f -.198] .oeo8| .03 o0l o 10.22| 376 [}
-3] ~.03 00%| .o | -.00| 0 -_.03) -.102| .0206( .0 .00k | O 12.2T] JhAT o
B -010! .0089{ -.00L | -.c0%, 0 “1.00| -.09%| . 009 003| o k.32f ms -1
.99 03k | .009k| -~.003] -. L] =71 -3l 0174 003 0o 16.38| .s6e| 1773 -.081) -.or1) -1
.06 083 - - -| -.006] -.006f 0 -4 .02l .o171| -.002 003 ©
Al7|  .285( .o190| -.01k| o090 .98 Dg 01781 -.006 |  .0031 0 l1.90] -%.06 -.189| .ceha| .cee 03[ 0
628/ .290| .0336] -.022| -.o15| -2 2.02 -e1gt ~.0tkl  001f o =.0ef -.077| .a7s{ .oI1| .cce|o
B.xo EBB O3P8 -.021| -.01k{ - ko7] .81 . -0 .003| ¢ =92 -.0h2| .0157] .006{ .ocelo
10.50 A731 088} -.019( -.c15f -.1 6.23[  .278| .oh3B| -.0Mk| .006( o ~h7f -3l .ol ook Lozfo
12.63 S5 .1321) 030 -.0e2| .1 8.19 <3TL{ L0657 -.0%9 009 (o ksl 008| .a1%0| -.000 001] O
1k.76 €93 .186] -.03% | -.ce2f -.1 10.25 A6h] .09k8] -.073 00k | O. S| .086F .015k| -.00b 002 | O
16.69| .8081 .eke6! .ok2} -.c23{ -.1 2.3 9& +a308 | -.0871 .005{ o 2.01} .06k} .0170{ ~.010f o ]
17.9%| .8&*f . 0T [ - -1 .37 .6 ATET| -.099| 003 0 03] .133] .ce37| -.e0| -.om{o
6.100 .20k .030| ~.0%| -.00elo
0.90 [ -h2a| 221 .ce32{ .8 .o07|0 1.30f -%.08] ~a81 .ceTa| .ce9| .006] o 8.1k[ .273| .05 -.g?é -.003| 0
] .3%{ .008f .008]0 <.0el -.093] .0183| .013| .ooM| o 10.29 Ef O] - -.003| O
060 010! .00k | o ] -.gg ~.0h9! .01%3] .008 003 f © 12.8 . O92| -.0%6| -.007| 0
-.k9[ -.035! .c103{ .o [ -7l -027 M .00 w3l o 1h Sl 1es8| -.0f2| -.008f .1
-1 .ol1] .0099| -.om| -.002] 0 31 .012| .01k6) ~.002{ .00l] o 16.33] .@h| .1606( -.067] -.012( -.1
991 037 .0105} -.003| o [ 97 .34 01% | -.006] .oco1| o 17.36] .556) 1801 -.069] -.08) -1
2.07| .090| .0128| -.008] -.00M| O 2.02] .o78{ .o18e! -.m3 ]
A .
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED

WITH A PADDLE CONTROL.

R = 3.0x10% - Continued

DATA FOR ONE PADDLE CONTIROL.

(o]
(c) Nominal & = -k
K = Cy, Cp o Ch ) x e o, Sp Cx Ch 5 X P4 =4 o Cn Ch &
0.60 {-k.18) ~0.219 {0212 | o0.022 | 0.030| ~h1| 0.50| k.3B| 0.17% | 0.0212 | -0.006 | 0.023{ ~k.1] 1.%04 ok [ 0.069 [ O -0.006 | 0.028 | k.0
209 -.127| 0137 | .06 L0291 ~k.1 6.3 205| .03re| -.a10| .ook] -k tos -158 :& -.020 | .026{ .0
-1.03| -.080| .0113 <01k 028 -k.1 8.%3 3B8f .06819] -.05| .08} ko 6.1% abk] L0396 | -.03k| .006]| -x.0
-~ -.0%8 13 026 | ~hX 10.58 S33| 06| - - -} .026] k.0 .20 .ﬁ;{ 0%0 | ~.0b | 026] -k.0
- =01k |, =~ | 010]| .c27[-%.1 0.2 - 085 | -.095) 023 o
o2 010 | 6102 «00% LO02T] ~h.1| 1.20| —k.08] -. 0302 ©M | 03] ko 12.33 M9 118 | -.ota| .ozk] -k.0
.08 057 | 011k 00T J026] ~ha -<2.031 - 0197 8T} 028] b0 1%.39 67| Jasm o -.081] .oe0
ko1 152 .015? 001 023 [ -kl -1.00f -.0TR .&g o8| o= ko
6.25 o | .02k | -.005 000 |~k - K| -.0861 . ok | 02T| k0] 1.70] -MoOT| -aTL| 0268 03| 02T -h.0
8.35| .3%0| .0%2. ] -.009 .oea -~k Jlf 003} L0156 .006| .027] N0 <2.02| - 018k | 019 ) .006] -h.o
0.7 ;Er 0807 { -.010 02k ] ~h.1 029 | 0061 oL | .oRf| -k -1.00 061 012 | .085]| -k.0
18.56 545 | 1160 | -.008 025 k.1 £. Q78| .01 -.007| 025 k.0 -k -032| .05 009 ] 029 k.0
k69| .6%6| .1637 | --011] .02T{ M1 Aio| afaj .op69]| ~026| 025 ~k.0 | .06] .%2| .003]| .023] -k
15.80 .gse 219 | -.0n2 02T ] %1 6.15 288 ) ok26]| -.0k3{ 006] k.0 1.05 o5l x| o ﬁ -&.0
17.86 LY N ST . R 8.21 gg 0668 | -06L| o3| ~k.0 ea3| .08 .otk | -.006 -4.0
0.3 . 0986 ~076| 032 ko k.0f JOM3 | opkS5 | -.018| .023| -h.0
0.80 |21 { -.229| .0eX 026 b0 | b0 12.37 A1) AT | -096] 033 -ho &.. 220 | .0369 | -.0 023 | -h.0
210 -.128| .olko <018 03T | ~h0 a. 298] .0%h& | -.ohL} .022 | -k.0
2.0k} -.079| .OL15 -015 03| ~h0] 1.30| -k08| -209[ o0M2 Joho | 028) ko 10.23 g Ot | ~ofr] oL ko
~51) -.093) 007 <013 03k | k.0 -8.03} =211} 021§ w2k | .oeT] -k 3i2.30 . JI0% | ~.061) 020 | -h.0
0| -.009[ 0200 | 009 .032)-ho -1.00| -.08| 88| .15 .027| b0 1"'12 S07T| 23| ~.069 | w38 -1
1.03 016 | .olok | .008 Q3L | ~h0 -] -.0ba| .o160 ol2 | 27| &0 16. ST 2156 ~. S003 | =kl
2.0% .06k | 0118 005 .gg ~ko0 Sl 00k ats| 005 | 028 ko 17.43 608 | a9T0f ~.079 | 009 | -kl
26 165 0186 | -.002 o .1 1. 027§ .oL% -002 g 4.0
6.8 20| 0328 | -.010 023 | k.1 2.0 ath| .ok | -.006 -ho] 190 k06| -ak 'ﬁ 026 | 021 | -k.0
839 a5 | o5 { - 020 | ~ho1 k.09 163 | 0069 | .22 .028) ko <.z} -.083| . .al% | 020 k.0
10.51 8| 0870 | -.ug <020 | Ml 6.13 266 .o:g =038 | 030 -h.0 -.g -.ak7 | .01k 0Lt | .020 ] -h.0
12.63 7| 2283 | 022 019 | ~h2 X} I3 G -o%e| .03} ho - -.009 | .01I%9 007 | .020 | -k.0
1%.T7 583 .1787 | -.a2T £020 | <1 10.28 . 0935 [ ~.066] .033] k.0 5L 005 | -.0L3T 003 | .019 | -k.0
-89 793} .23 | - 002 | k.1 10,3k} A28 | ~c80 ] 031 -0 1.00f 22| .0l60| Q -019 | -1
17T.95] R} 2736 | - 016 | <kl 1k.ho £32) 1708 | -.093] .c2T]| k0 2.03 038 ] .ou73| ~.003 mg b1
horf| .1201 .o20( ~.01%) .@f|-k2
0.90 [~k23( - g «£260 | .032 031 | ».0| 1.5 -h.o8] -89 .0268| .036] .031| -k0 6.12) .196| 0349t -.0e3| 038 | -kl
-e.11] - <0161 081 026 | ~.0 <.02¢f ~a082| .0198| .oe2]| .03| ko 8.1T7| .266| .0%6] -.03k] .01T]-h.1
-1.05| ~.085| 013 | a7 :g:i k.0 -.g’? -00T | .axTL 01k | .029| k.0 10.21 Au o .ot -.oh3| 016 -z
-51f -.058| .01l9 | .01% =h.1 - -03| 0158 [ .o61| .029| -h.o 2.26| .393] .o5a7) -.0%0| .015)| -k
x| -.00] .0113 | 010 o024 [ ko1 5 LH06 | 0153 00k | .029| -k.0 1h.32 A58 | Ja25k) -.057] 013 -k.l
1.1k Q18| .0117 008 023 -83 02T | L0161 001 .028) ~ho 16.. 516 ) (1597 ] -.061] .009 | -k.1
8.06] .o | 0148 | .ooM] .022) b3 17. 5% | 1793 -.c63] 009 | -1
Q
(d) Nominal 8 = -8
'S a cr Sp Cu Cp L] 4 a Cn Cy Cm Cn & M « o, Cp G Cp, L]
D60 | -b.18 ] -0.227 [0.0265| c.cor | 0.c8 -8.0| 0.90f X.1T] 0.260] 0.0032 | 0.00k] c.09T| 7.9 | 1.50| .08 | 0.1%7| 0.0@T2 | -0.01k] 0.0TR
2. -.133} 0155 ~00% oM 8.0 6.30 Q3% [ -.003| .0M| -7.9 613 233 .oboh| -.028| .0T3
-1. -.088 | .m28| .8 .oM{ -B.0 8.k2 % -ofef | -.008] .06L) -T.9 ai?- .& ggig -.0ML| 078
-5 | -.063| «o1@@| .;a7 ]| .odM -B.0 57| - 0970 | ~.asf o8| -T.9 1o B o -.0% | .of3
hg | -.02L | o001k _3112 Jchol ~8.1 12.29 483 .aa59] -. .068
1.02 .003 | o117 ohz] 8.1 1.20f -hog | -ghe| .03% .nsE -oB2j -7.6 n.g 62| Jamefi| -.oT8) .06k
2.08 09 | .03 «012 ol 8.1 ~2.03 | -235f ool -03 .080] 7.6 16. L3 JAghe| -.088] o099
a3t a2 | .a78) .008 | AL -B.1 -ag} -.083| .190] .0e5| .oB2| -7.6
6.22 .2kl | 0292 «001 o2 8.1 -0 - Q8L o) o8| -7.6]| 1.70] -k.0T | -.180] .0290 .a37] .06k
8.31( .2 | .0%3| -.003 | .ob5l B.o -3 amp| .o3b .01 -T.6 <.02 | -.1m| .o003| .okl .063
10.% o mz o <Oks| -8.0 1.0k -as] .or7e o8| .o78| 7.6 -.g_sr ~«06l} .GLTT 5| .o&
12, . 117k | -.00k | .0W5] -B.0 g.03] . 022 0 7L -T.6 - --0%2) .Q26B| .015] .0SL
1h.65 66 | .16 -.00k .oh7] 8.0 h.of A7 081 | ~.018| .0T6] -T.6 o[ -.00k] .ou6k 009 .06L
26.79 732 -~003 | .chg| -8.0 6.1% | .279| .ok | ~.036] .OTT| -T.6 1.03F .a8| .68} .00%] .06l
ITE3 | 7ok | 2%50 | -.005 | .on8| -8.0 g1 | .33 .o673| ~.o58| .oB4| 7.6 z.o2) o1 -0196| -.00l( .00
w.er| . 0968 | ~.069f .08%| -T.6 hoot | 23k 0295 -.013| .08
a.80 | k2L { -gho | cse | -om | .o3M -0 2.3k | .Go7l 1399 ] ~.090] .o0B1| -T.6 612 | .Af .0373| -.025| .06
.10 | -.1h0 | .028k | .02k | .om| -8.0 8.17 | .28B] .ogh8 --og o8
~1.03 | -.091 | 0235 021 o%2| -8.0] 1.30| -h.08 ] -.2m] .03k3 O¥T| .083] -T.6 10.2%, -358] 0769 -.0f 058
- -.086 | .a127| .09 05 8.0 2.02 | -.a123] .02kl .033| .o19|-7.6 13.26 JJeg| .ok | -.036 m
§ -.023 | .on18 Q16 0m| -8.0 -1.00 | -.013! .oz o2 o8| -7.6 k.31 SoBE 136k]| -.085|
102 | -=-=-1.0120 1 .015 | .05 -8.0 -5 [ -.of2| .o202{ .0l3| -OT9|-T.6 265 arke| -ome Aﬁ
2.05 O | -~=1 012 on} -8.0 -3 | ~.006] 0195 012] 076 | -T-6 17 Soa| .19h9| -.015] .0
W15 | 2% | ~=--| .06 | .0%m| -8.0 1.0 | .08 .o2m | .00€| .o76|-T.6
627 | . 0326 | -.002 | .0m] -B.0 2.03| .066] -ceml| o o3| -1.6] 1.90| k.08 | -.161| .0276| .030] 0%
8.39 % o5 | ~002 | 0% 8.0 ko8| .160 m -016| .ore| -T.T -2.01 | -.090f .0198] .oa| .03
0.3 | . ook { -.002 | .05 -7.9 6.1k | .237] . -.033| .okl 7.6 --g -.05h] .178| .o2M| 0%
12.62 { 563 |.1260 | o1k | 0%} -T.5 a.20 'ﬁ 0656 | -.0kT| .076] -7.6 - -3 .ami .02 g
1873 | 675 | .1TT0 021 g -8.0 - o9kl | ~.0f| .0T3| -T.T <AL | -.003] 0168 -caT
S m 3| (EE R e B Eses
IT. B - « 1k, ol - =T -l »f
i 3 ,GMG Ja21 50 -.01L} .05k
0.90 |-¥.2k | -.263 }.0308 | .oho | .038] -7.9 ) 1.50| 0T | -.20e| .omi | .ok3] .a78]-T.6 1o | .190] .03%0| -.0@1] .053
% 2.9 |--~ {08 |---| .0%} 19 2| -1l .20 | .08 .o76] 1.6 8.14 | 25| .0505( -.03| .o
-1.06 |- -~ |6 | .0e6 | .04 -T.9 -.g -.088| .m85| .oex| .ot5|-7.6 10.19 | .35 .0708| - -0
_.ag -073 {.01% | .023 | .06| -T.9 - -.A7] .outh | @B} .0OTS| -T-6 12.23 ﬁ'ﬁ «09k31 -.0 ﬁ
. -.028 mﬁ .020 | .061) -1.9 A | -.0o7] .0170 ] .023] .07k -7.6 k.28 . <123 -.0%) .Q
1.02 | -.002 [.o1l .18 | .06L] -7.9 .ok | .oar| .77 | -008| .o7k| 7.6 16.33 | .505] -1568| -.057| .08
220 | Oo%R |-=~- | .k | .0%8| -T.9 2.02 )| .060f .ais8 | .oon| .o73) -T.6 17.36 | .538| .1760( -~.0%9| .oML

|

%
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED
WITH A PADDLE CONTROL. DATA FOR ONE PADDLE CONTROL.
R = 3.0x10%® - Concluded
(e) Nominsl & = -12°

K « oL ‘p Ca Cn 3 N < CL % Cm Cn & M « G % Cn O L3
©0.60 | ~b.18 1-0.208 10.0270 |0.027 [0.060 | -12.0 fo.90| k.17 {0.158] 0.0256 {0.006 0.07h | -10.8 | 1.50] 2.08 [c.0%% | 0.0233] 0.00% | 0. 1.6
—e-gg -136 | w0191 | .02l | .0 |-12.0 6.301 .265| .oMil {-.00L [ .0Bk{-11..8 08| .13 3206 =005 % -11.6
1. -:% 0165 | .018 | .097 | -12.0 .43 | 388 .0654 |-.003 | .o91 | -11.7 6.11| .m6 34| -.083| .08h| -a11.6
-3 | - - <017 | 057 | -12.0 10.55 | .b73{ .0983 {~.010) .op2]-11.T7 8.1 G2t 05| -.036( .08k] -11.6
48 1 =086 | 0L Gl | 057 | <12.0 10.! g& 0068 | ~.0% | .0T9[ -11.7
1l.ar -'obE «01 013 { 0% [ -1%.0 [1.20[ -h.08 -.eig 0369 :ga <100 | ~11.6 12.29 | A3 | .1169| -.083] .OTR] -11.7
2.0T | - ~OL 013 | .0%6 | -1e.1 -2.22 | -.1 0258 10 | -11.6 “‘ﬁ zg 1932 073 | 067 108
h12 | 133 ] .00k .ggz <03k | -1p.2 ~30-.091] .0227] .032| -103]-11.% 16. . 950 | 0851 .06R| -11.8
6.22 | .231 | 0309 | - O | -12,1 -8 [-.0861 .c01Y | .c27 | .1c2| -a1.3
8.30 .Eé'p 0500 | .002 | L0%h [ -22.1 <AL [-.009| .oeoe | .on 210l | <11.6 § 1.70] ~*.06 | -.286 [ .o3e1]| .ok2| .093] -11.5
1043 h2h | o773 | L0035 | .o%b |-l 1.0k | .00 022 | .0 100 | -01.6 2.0l | =206 { k32 .0%0! .o09ef 1.6
2.5 | 526 | 1% [ .00k | 054 {12 2.03| -060| .0230 [ 0061 .099 | -11.6 -.g -.067 | -0003| .co3| .o92]-11.6
1k.65 | .63 | .1609 | .00L | .097 [-12.0 bo09 | 162 .gi)oe ~012 | .099 | -11.6 -5 [-0b7 [ 0297 .020| .0%0] -11.6
16.76 | .732 | .2133 [0 058 | -12.0 615 | 268 .oh -:g?_} .10 | -1.6 S| -o11] .or92) .omh| . 1.6
17.82 69 | 2kkS o 057 | ~12.0 8.21 g; 065 | - 10k | -ALL5 1.0k] 2 .0193| .clnf . -11.6
10.28 | . <o -Ose .10k | -11.3 2.08! .o%0| .o222| .o05] .089] -11.6
.80 [ -h.20 | -2 | .0293 | 033 | .0&R | -12.0 12.33 | .268| .1ko8 |-, 100 | -1L.6 75| 2o7| 0278 -.007| .089( -L1.6
.11 | =143 | 196 | 023 | .060 | -l2.0 6.13| .20%] .0%9k| -9 | .08
-1.03 { -.093 | 0168 | 022 | .09 [-1R.0 J1.30( -k.08 [-.2%0| .038% | .o@3| .09k | -I1.6 8.18| .28L[ 056k | .00 ]| .088] -11.6
—.g -.0688 | o158 0 | -12.0 2.4 | -a30] .2 . 09k | -11.6 10,23 | .332 ] o8| -.0bL] .08T| -L1.6
. =025 | .01% | .8 | .0%8 | -12.0 -.gg -.082) .o2kg [ .028| .096| -6 12.28 | A28 | 1099 ( -.0%e | .08M -11.6
102 | -.002 [ 0151 | .06 | .057 [-12.0 i -0 0238 ( .02k | .09 |-11.6 1633 M| a2 -.081 | ofT| -7
2.09 [ -.0M | 0163 | .alk | .057 | -2R.0 oL |-k o0 .016] .093) -11.6 16.% | 563 .1t -.069| .om| -13.7
215 | .1k | .c220 [ .008 | .096 | -12.0 1.0k | .omf .ce3k | .oz ~11.6 1T} DB . -073] .0689] -11.7
.27 .258 [ L0331 | .001 | .07 | -22.0 2,03 .gg 0253 :g}r -11.6
8.38 | .3k | .03 .gge 062 | -12.0 k. . 'ngg -2 -11.6 | 1.90] =k.05 ) -.166 | .03%F '&32 3 =11.T
10.50 38 .08t | 067 | -11.9 6.1k { . - -.c28 ] (0861 -11.6 a0l | -.05% | 0226 . -.7
12.62 | 49 | 2257 |-.008 | 063 | -1l.9 8.20 | (33| L0678 |- -087 | -11.6 -99|~.009| .o20%| .009| .083] -11.7
1k.T3 | 66 | 1736 {-.015 | .059 [-11.9 10.26 | 538 .09%6 |-.09T| .087(-11.7 ~okT | -.0ML | (298( .006( .0B3[ -11.T
16.87 | .766 | .2327 |-.0QL | .OT1 | -11.9 12.32 | .se9! .1300 |-.071] .083 ] -1b.T Al f-.009] .c293| .ol .ofy| -11.7
17.93 | .8a0 | 2650 [-.026 [ .068 |-11.9 1k.38 ] .&18| .2712 {-.08k | 078 | -21.T 03] .008| sk ggf 002 [ -1L.T
. 2.02 | .ok6| .020F] . .08 -11.7
0.90 | -h.2h -.mg .0330 | .0ho | 082 {-11.8 [1.50| —k.0T |-.208] .0348 obz 006 | -11.6 ko6 | 119] .o268] -.007 | .o082]-11.7
-2.06 | = -0205 | 033 | .076 |-21.8 -<.02 | -.a20| .08%2 | .03 L087 [ -11.6 6.10( .188 ]| .O37A! -.26] .oBe| -11.7
~1.06 | ~.098 .025 | .00 |-11.8 -85 | -.077| .00 | .02y | .c87|-11.6 8.15| (252 ( o8| -.ca6]| 080 -11.7
g ! -.026 | . 020 | .077 {-1.8 - -.0%9] .0208 [ .02k .086|-11.6 1w.19[ .30 .oTed -.oﬁ .079 | -1L.T
1.03- | .00l | «or70 | 028 | .OT6 |-21.8 A1 -.as| .o203{ .ar7{ o9 -11.6 ig.2 300 o9t -~ .g 1.7
2.0 | .053 | .88 | .01k | .078 |-11.8 1.0k ) .008| .c210| .13 .092)-11 14,28 | B0 | (1h3} -, -11.8
16.33| 52| 1379{ -.033( .06k -118
17-36 ) 33| 17TR| - 089
(f) Nominal & = -16°
M « %y, % COn. % i X « S Sy ) % 8 " a Gy, ] Cn Cn s
0.60 -4.16 (-0.22h [0.031C | 0.023 | ©.067] -16.0] 0.90] 6. 0.259 |o.0h60 | 0002 |0.115] <29.7] 1.50| %.08] 0.131 [o.03M | -0.009 o:a =19.5
-£. =130 { .02% 020 065 | ~16.0 8. <359 | <065k -001 -13 6.1k K - 019 -13.5
=1.0 -.087 016 .066] -16.0 10,54 466 | 022 | -.00T 191 | ~13.6 5.5 06| o8] -.0 098 | -15.3
- -.065 | .0 <017 <0661 -26.0 0. =309 .0092| -. -092 { -15.6
g -.022 | .0198 +OL! ..ggi -16.0 | 1.20{ -h.08] -.359 | .OheO Ok 27 | 15 12.% 471 Jige| -.060 | .008|-13.6
1.02 003 | .0189 JOL -16.0 -2.02| -.1hy | 0309 Ohh JAT [ <1544 1,35 S AT - 083 | ~25.6
2.08 ohg | o201 <012 063] -16.0 -.g ~.096 | 0276 035 119 ] -25.4
k.22 235 | . oag 063 -16.0 - -.070 | 0266 O3 | W29 | -185.4] L.70] k08| -.199| L0363 .0M8 .g -15.6
6.2 | .23 | .0 . 0661 -16.0 s, -.osh | @36 | o023 | .118).15.% 20| -07{ 71| o3| . “15.6
8.3 .329 % o2 | .00 -16.0 1l.0%| .ook | .cafc. | ,0aB | .117|-25.4 --g --g'! 023k | .0e9 ! .08y ] -13.
10. Jh2g | . .006 | .om2| ~16.0 2.09| .056} .0276 | .0l | 117 -13.h = - 20035 026 g -13.6
g5 | .58 | a3 | L0035 .0T3| ~l8.0 k.09 OFn | -.008 -15.5 S| -02L| w0e2y] W00 -15.6
b6k | .&e7 | 1630 | .003| .076( -16.0 6.15| .26 | .os00 | -.026 | .19 -15.% L. 00l | . .07 ] .088 ] -13.6
16.76 | .T32 | 2279 .003 OTT | ~16.0 -8.a1 26‘7 . ~.083 22 | -15.4 2 o | .02 .00 | .088( -15.6
17.82 | .7Be | .e470 | .003| .076} -16.0 10.28f A7k | .1032 | ~.038 ulq‘ “15.h k05| .op3f .oeor| .02} .of7|-15.6
12.33 2595 | .1438 | -.080 W14 | ~13.3 6.12 <196 | .ok3e| -.025[ .o0B9!-15.6
0.80 |-h.2L | -. 20, Q29 .om2| -15.9 8.7 .2Th| .0297| -.02T| .085]-15.6
-2.10 | ~.135 | .02 W021 | .0T2{ -15.9] 1l.30f -hOT! -.235 | .ok28 .ga 061 -15.5 10.22 %g 080k -.g 080 | -15.T
<105 | -.087 | .0211 | 18| .otE{ -15.9 2,08 .13 | .0323 2108 [ -15.5 2.7 . 1068 [ - 073 | -15.T
- -.063 | «o20e | Jo17| .0m1] -15.9 -.gg - gﬁ 033 | 12| -23.5 1ho3 f  .A88) .13%9| -.099| .073]-1%.T
. -.020 | 015k § L0k | .O70( «13.9 - =068 | . 30 | 12| -15.5 16. o8| 17661 -.08T g -15.8
1.02 003 | .0196 | .0m3 <0T0] -25.9 -S| -.022 | .o2TR ~OR2 (120 | -15.8 ar. | W293] a978] -o7L| -15.8
2.10 o5k | . +OLo .gg -15.9 1.0k .00k | .02Th 018 2209 | -15.5
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Figure [~ Dimensional skefch of model.
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Figure 2.~ The variation of the pifching—moment and the hinge—moment coefficients with paddle-
confrol deflection and with angle of attack. Data for one paddje control. R=3.0 x 10¢
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